A simple mean-field lattice gas model is used to predict the hydride formation properties of Cr, Mn, Fe, CO, Ni, MO, Ru, Rh, Ir, W, Pt, Cu, Ag and Au, which at low hydrogen pressures absorb only small amounts of hydrogen. It is shown that with thermodynamic param-eters determined from low-pressure data only (the molar standard heat of formation AH! and the Einstein temperature OE of the interstitial hydrogen vibration) it is also possible to describe their high-pressure behaviour. As a result, the pressure-composition isotherms of these 14 metals are given for several temperatures and for pressures up to 1 Mbar. Where possible, comparison is made with experimental data.
Introduction
There is a continuous progress in high-pressure technology for the formation of metal hydrides, especially with the increasing use of the diamond anvil cell [ 1-31. For example, recently Hemmes and co-workers [4, 5] were able to load a Pd-Ag thin film at a hydrogen pressure of 80 kbar and to monitor simultaneously the electrical resistance of the sample. For the correct interpretation of this kind of experiment one requires an adequate description of the thermodynamics of hydride formation at very high hydrogen pressure.
Metals which form hydrides at high hydrogen pressure, absorb hydrogen only poorly at low pressure. Because of the endothermic character of this reaction, hydrogen absorption measurements are usually carried out mainly at high temperatures [6-81. Highpressure experiments are mostly done around room temperature . For an adequate description of the hydride formation in both pressure and temperature regions, it would be very useful to have temperature-and pressure-independent parameters (e.g. the standard heat of formation) available. These parameters, in conjunction with the thermodynamic properties of hydrogen, allow us to describe completely the thermodynamics of hydride formation in the temperature and pressure range of interest.
We therefore decided to reanalyse existing experimental low-pressure data within a simple mean-field lattice gas model [12, 131 in order to obtain analytical expressions for the thermodynamic functions of hydrogen in a metal, such as the chemical potential pH (P, T , x ) , the molar entropy sH (P, T , x ) and the molar enthalpy HH (P, T , x ) . From these expressions the standard heat of formation AH:, which is important e.g. for model calculations [14-161, can easily be derived. Together with the known thermodynamic properties of molecular hydrogen for pressures up to one megabar and temperatures up to 1000 K [17, 13, 191 . It will be shown that, despite the simplicity of the model used and the fact that only low-pressure parameters enter the calculations, the results are in agreement with available experimental data at high pressures. This paper is organized as follows. The thermodynamics of hydride formation at low and high pressure are given within the framework of a simple mean-field lattice gas model in section 2. For a meaningful description at high pressures one has to include, apart from the two low-pressure parameters AH! and OE, the effect of the hydrogen concentration on the enthalpy and the effect of the non-zero partial molar volume of hydrogen in the hydride vH. The concentration dependence of the enthalpy can lead to plateaux in the absorption isotherms below acritical temperature. At very high hydrogen pressure VH may equal the molar volume of molecular hydrogen, and consequently further increase of hydrogen pressure will reduce the hydrogen content of the hydride. In the third section we derive the standard heat of formation for those poor hydrogen absorbing metals, for which sufficient experimental data are available (mainly work of McLellan and co-workers [20] ). In section 4 we calculate the high-pressure-composition isotherms of 14 metal-hydrogen systems making use of the parameters AH: and OE as derived from low-pressure data, together with parameters taken from experimental data at high pressure (if available). Where possible, comparison with experimental data is made. The final section is a discussion of the results.
For the comparison with experimental hydride formation data at high pressure we use mainly the results of the groups of Baranowski [9] and Ponyatovskii [lo, 111. There has been previous work on the formation of metal hydrides at very high pressures, see e.g. Fukai [21] , Driessen and co-workers [12, 191, Griessen [22] and Hemmes and coworkers [13] ; but here, for the first time, the exact thermodynamic functions of molecular hydrogen up to 1 Mbar and up to 1000 K [ 171 have been used for a systematic study of the hydride formation behaviour of a large group of metals.
Thermodynamics of hydride formation at high pressures
We consider the hydride formation reaction where M stands for metal and
(1) (2) The chemical potential of molecular hydrogen, pH2(P, T ) , has been determined by Hemmes and co-workers [17] for pressures up to 1 Mbar and temperatures between 100 and 1000 K. The chemical potential of hydrogen in the hydride, ;uH(P, T, x ) , at a certain pressure P and temperature T can be related to the chemical potential at a reference pressure Po ( P o = 1 atm. for convenience) by means of the following relation:
L Using a simple mean-field lattice gas model, ;uH(PO, T, x ) can be written as [12] pH(Po, T , x ) = R n n -+h(X) + $ROE + 3 R n n [ l -exp(-@~/T)] + P o~H .
(4)
! , " -xi The first term is the ideal configurational entropy, R is the molar gas constant and /3 the number of intersitial sites available for hydrogen per metal atom. Table 1 gives /3 for the most common metal structures: BCC (body-centred cubic), FCC (face-centred cubic) and HCP (hexagonal close packed) for octahedral and tetrahedral sites [23] . The parameter / 3 can be derived from low-pressure measurements, i.e. at low concentration x , so that blocking of sites can be neglected. At high pressures and large concentrations, blocking effects should be taken into account. If one assumes that every hydrogen atom blocks exactly / 3 interstitial sites, then the configurational entropy becomes and the maximum concentration will be x = 1.
For the second term of equation ( 4 ) one has, at infinite dilution, h(0) = &EB -Eo, where E,, the binding energy of the hydrogen molecule, =4.748 eV [24] , and E , is the energy gained by bringing one extra hydrogen atom into the metal. At finite con-
, where f ( x ) describes the effective hydrogen-hydrogen interaction energy. In this energy the influence of elastic lattice deformation as well as the change in electronic properties due to hydrogen uptake are included. In the following we assume the simplest case off ( x ) = ax.
In transition metals the parameter a arises mainly from the attractive elastic interaction between the dissolved hydrogen atoms. This attractive interaction is responsible for phase separation and, consequently, for a plateau region in the pressure-composition isotherms below a certain critical temperature T,, which is given by [25] T , = -a/4R.
This relation is used in section 4 to give an estimate for the parameter a from experimental pressure-composition isotherms. The third and fourth terms of equation ( 4 ) represent the contribution of optical phonons of the interstitial hydrogen to the chemical potential. OE = h W E / k B is the Einstein temperature corresponding to the vibrational frequency wE for a given site occupation. The last term gives the work done by the hydride on absorbing hydrogen. This term is negligible at the pressure Po.
In writing equation ( 4 ) an oversimplification has been made for the temperature dependence of the chemical potential, which is related to the excess entropy. From palladium is it known that a significant contribution to the excess entropy can arise from the change in the electronic heat capacity of the metal upon the addition of hydrogen [26] . Besides this there is a change in the acoustical phonon spectrum in the host metal [27, 28] . In this paper we consider it pointless to include further effects in the chemical potential: the amount of experimental data available for the metals of interest-highpressure hydrides-is too small to justify a model with more parameters. The lattice gas model described above is thus mainly a useful parametrization scheme.
The contribution of the integral JvH(P) d P to the chemical potential, equation (3), is small at low pressures, typically 0.17 kJ mol-' H at 1 kbar, but determines almost completely the behaviour at very high pressures (e.g. P = 1 Mbar). Experimental values for VH (P) are only available for a few metals at relatively low pressures. An estimate for the high-pressure behaviour can be made on the basis of a semi-empirical model for the heat of formation of metal hydrides (Griessen [29] ), which relates the heat of formation to the interatomic distances of the host lattice. Within this model, Griessen derived that
where B is the bulk modulus at zero pressure of the host metal. It is common to use a linear approximation for the pressure dependence of the bulk modulus [30, 31] :
From equations (6) and ( 7 ) , after some calculation, one obtains for vH if B' # 0:
By means of standard thermodynamic relations one obtains from (3) and (4) for the enthalpy:
where nBE(T) = l/[exp(@,/T) -11 is the Bose-Einstein distribution function. The second term under the integral is small and may be safely neglected. For the entropy one finds the following:
The partial molar heat of solution and the molar excess entropy change corresponding to reaction (1) are given by
For the standard partial molar heat of solution at infinite dilution, i.e. x = 0, To = 298.15 K and Po = 1 atm, one obtains (neglecting the PvH term):
This quantity together with OE will be derived from experimental low-pressure absorption data in section 3. For the calculation of pressure-composition isotherms we proceed as follows. At thermodynamical equilibrium pH(P, T, x ) is completely determined through equation (2) by pH2(P, T). Using ( 3 ) , (4) and (14), equation (2) can be cast in the following form:
where all pressure-dependent terms appear in the left-hand side of the equation. At a given temperature Tand concentration x , with a suitable choice of a and the parameters A H ! , OE andP determined at low pressure, the right-hand side of (16) can be calculated. Substituting equation (9) in (16) gives, for the left-hand side of this equation, a dependence on T, P , Bo, B' and v, (Po) . With the last three parameters taken from experiment (if possible) one is able by iteration to calculate the pressure P a t the given temperature T. There is an extra difficulty at very high pressures, when VH > 4 VH2. In this case a double solution ispossible. The calculation can be repeated for anumber of temperatures and concentrations. The results then are conveniently plotted in the form of absorption isotherms on a ln(p) versus I@) scale. Figure 1 shows schematically a calculated pressure-composition isotherm. At low pressure, P zz 100 bar, hydrogen exhibits essentially ideal gas behaviour. One can derive [16] in that case from equations ( 3 ) and (4) forx G 1:
i.e. in a In(P) versus ln(x) plot the isotherms can be represented by straight lines with slope 2 independent of the host metal and temperature.
At higher concentration and temperatures below T, there is a phase separation analogous to that occurring in a Van der Waals gas-liquid mixture. The calculated isotherms display unphysical behaviour in the two-phase region, where the hydride segregates into a hydrogen-poor and a hydrogen-rich phase. Because of metastability of the phases the absorption isotherm differs from the desorption isotherm. In the most extreme cases the isotherms follow the broken lines in figure 1.
Determination of the standard molar heat of formation of some metal hydrides from experimental data
In the previous section we presented a simple model for the thermodynamics of hydrogen absorption of metals. Within this model, all thermodynamic functions can be expressed in terms of the Einstein frequency OE, the number of interstitial sites per metal atom /3 and the function h(x). By means of equations (10) and (14), h(x) is related to the standard heat of formation AHo(x), which for infinite dilution, i.e. x < 1, reduces to AH:. In the following we determine numerical values for the three parameters AH:, OE and p for a large group of poorly absorbing metals. This is done in three steps.
(i) Data input. From experimental data available in the literature we select a representative number of data points x(P, T ) , within a temperature range as large as possible. There is a special difficulty involved with solubility data belowx = 0.001, where systematic errors can easily occur because of trapping at grain boundaries, voids or impurities (in particular oxygen), or errors due to adsorption at surfaces. Kiuchi and McLellan performed an extensive study of possible sources of discrepancy in the data of Ni, CO, Pt [8] and, in great detail, Fe [32] . They concluded that either only data above 600 "C can be trusted, or, at lower temperatures, one should be sure to deal with very clean surfaces of the absorbing material. This means that data taken with material electrochemically polished or handled under UHV conditions should be preferred.
(ii) Data analysis. Starting with a data point x ( P , T ) , the chemical potential pH(P, T,x) can be determined from (2). Then from (4), in which the number p of interstitial sites is taken from experiment, if possible, or estimated from the metal lattice structure and table 1, one obtains a relation between OE and h(x). As the experimental data used are only at low concentration and at moderate pressure, we may simplify equation (4) by puttingh(x) = h(0) and PvH = 0, without introducing asignificant error. For each choice of OE we can then calculate a value for AH: by means of (14). The final parameters OE and AH! are determined from the complete set of data points using a variational method by minimizing the variance in AH: with respect to a free varying OE. In table 2 the results for 14 metals are given.
(iii) Check of the analysis and comparison to experimental data. As most of the experimental data are given in the form of isobars, a check of the analysis can be made by calculating the 1 bar isobar on the basis of our set of thermodynamic parameters and comparing it with the experimental data (see figures 2 to 5, later). If possible, in table 2 a direct comparison of our parameters is made with those derived in literature.
Chromium, manganese and iron (figure 2)
For chromium we use the data of Arnoult and McLellan [33] in the temperature range from 750 to 1350 "C. Chromium has a BCC structure; ion channelling measurements of Picraux and Vook [34] indicate that deuterium occupies octahedral positions in BCC Cr. We therefore take /3 = 3. [39] , A [40] , x 1411, ___ [36] . Full curves show our calculations In the case of manganese, with four solid phases, we restrict ourselves to the aphase, which is stable up to 727 "C [35] , The experimental data of Potter and Lukens [35] show a weak minimum in the hydrogen absorption behaviour. It is difficult to assign a value to p, as a-Mn has a complicated BCC A12 structure with 58 atoms per unit cell. For simplicity we assume / 3 = 1.
Because of its technical interest the hydrogen-iron system is very well studied in the low-concentration range (see [32] for a review). For the low-temperature region from 322 to 779 K we use the results of Quick and Johnson [36] obtained from permeability measurements in a UHV environment. Above 873 K up to the a+ y phase transition at 1183 K the most recent data are those of Da Silva and co-workers [37] and Da Silva and McLellan [38] . We also include data by Martin [39] and Sieverts [40] . As the 6 phase of Fe from 1663 K up to the melting line has the same BCC structure as the a phase, we assume a unique set of thermodynamical parameters for the absorption in both phases. The absorption data in the 6 phase show fairly large disagreement. It is difficult to make a critical selection, and consequently we include all available data in our analysis, i.e. data by Da Silva and McLellan [38] , Martin [39] , Sieverts [40] and Luckemayer-Hasse and Schenk [41] . For the analysis we assume that hydrogen occupies the tetrahedral sites in the BCC a, and 6 phases as is suggested by calculations of Minot and Demangeat [42] .
According to table 1 we therefore have /3 = 6.
Cobalt, nickel and molybdenum (figure 3)
In the case of cobalt we restrict ourselves to the FCC high-temperature phase and use as input data above 600 "C the measurements of Stafford and McLellan [43] and Suzuki and McLellan [44] . For the FCC phase we expect hydrogen to occupy the octahedral sites, so that /3 = 1. There is much data on the hydrogen absorption of nickel (see [8] for a summary up to 1983), which especially at higher temperatures are consistent with each other, as can be seen in figure 3 . For the low-temperature region (below 600 "C) the data of McLellan and Sutter [45] are probably more reliable as they pertain to electropolished samples. At temperatures higher than 600 "C we use data points of Stafford and McLellan [43] , McLellan and Oates [46] and Sieverts [47] . As Ni has the FCC structure, we assume that hydrogen occupies octahedral sites, i.e. /3 = 1.
Molybdenum is a high-melting-point material with a BCC structure at all temperatures. The solubility of hydrogen in Mo is very low, and consequently the experimental data exhibit a large scatter. In our analysis we use the data of Oates and McLellan [48] . We assume hydrogen occupies the tetrahedral sites in MO so that , 8 = 6.
Ruthenium, rhodium, iridium and tungsten (figure 4)
The absorption of hydrogen in Ru, Rh and Ir is low. Only McLellan and Oates [46] present measurements, all of which were done at high temperature in order to have a measurable quantity of hydrogen absorbed in the highly endothermic reaction. We assume that for the FCC metals Rh and Ir, and for Ru with an HCP structure, hydrogen occupies octahedral sites (/3 = 1).
The absorption of hydrogen in W, which is an especially poor hydrogen absorber, is measured by Arnoult and McLellan [33] in the temperature region from 897 to 1467 "C. W has a BCC structure at all temperatures. Ion channelling experiments on deuteriumimplanted W [49] reveal the expected tetrahedral interstitial position for the D atom, consequently ,8 = 6.
Platinum, copper, silver and gold (figure 5)
In the case of platinum, McLellan and co-workers have made the most recent determinations: a direct one, Yei and McLellan [50] , and an indirect one by diffusion measurements (Katsuta and McLellan [51] ). The diffusion method results in data typically one order of magnitude lower than the direct one. We will however use the direct determination, especially because of the agreement with Sieverts and Jurisch [52] at the highest temperature (T = 1400 K). As Pt has a FCC structure, we assume that hydrogen occupies the octahedral sites (p = 1).
The literature data on hydrogen absorption in Cu, Ag and Au are controversial due to the very low solubility even at high temperatures. For our analysis we exclusively use the most recent data of McLellan [53] , which is plotted in figure 5 . All three metals have a FCC structure. Therefore hydrogen will probably occupy the octahedral sites (0 = 1).
There is some difficulty with the results for gold and tungsten. Our analysis gives a very large (>5000 K and 2790 K respectively) Einstein temperature, which means that within the model used here, there is nearly no entropy involved. It could be that, with the very low amounts of hydrogen absorbed, one does not measure bulk effects of the pure material but rather adsorption on surfaces, trapping at impurities or effects due to grains, vacancies or voids. In this sense the AH: values in table 2 for Au and W should be viewed as the lower bounds for the actually more endothermic heat of formation.
Calculation of absorption isotherms
Within the simple mean-field lattice gas model given above, the thermodynamical parameters of hydrogen absorption at low pressure and additional experimental data at high pressure (if available), one can calculate pressure-composition isotherms. The results are given graphically for a few temperatures in figures 6 to 19, as we shall see. For the plateau region we apply Maxwell's construction.
The calculations are in principle only valid if the lattice structure of the host metal remains unchanged under hydride formation. With a change in structure one should work with different AH! and OE valuesfor each structure. We have neglected this effect. In the experimental absorption isobars of Fe [37] or Mn [35] , which have temperatureinduced phase transitions, one can see that these new phases introduce changes in AH: of only a few kJ/mol H. The estimate of h(x) in equation (4), however, introduces possibly a larger error in the form of the isotherm at high concentrations.
In the following we present results of calculations of metal hydride formation isotherms for 14 metals. The parameters entering these calculations are given in table 3.
Chromium
Chromium can electrolytically be loaded with hydrogen to form HCP CrH or FCC CrH, [57] . From x-ray measurements the vH of HCP CrH has been determined to be 1.29 cm3 mol-' H. The phase diagram of Cr-H has been measured by Ponyatovskii and co-workers [ll] . Extrapolating their experimental data to higher temperatures, one expects a T, of 800 K and P, = 27 kbar. Figure 6 shows our calculated isotherms, which are based on low-pressure thermodynamical data. As thex -V P relation is fulfilled up to 100 bar 161, the calculations up to 100 bar andx < 0.01 represents the exact isotherms within the accuracy of the experimental data at 1 bar. At higher concentration, probably due to the BCC-HCP phase transition, there is a rather poor agreement with experimental data [ l l ] . Evidently the HCP phase has a less endothermic AH: value with consequently isotherms at a lower pressure. But as long as one does not enter the twophase region (i.e. P < 14 kbar for absorption) the isotherms should be reasonably accurate. figure 4 .J1 of reference [ll] . $ Estimated 'standard' value (VI, = 1.7 cm3 mol-').
8 Estimated 'standard' value (T, = 600 K). . , low-pressure data; 0 , critical point (800 K, 27 kbar [ll] ); the shading gives the plateau region at 423 K [9] .
0.8).
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Manganese
Manganese can be loaded electrolytically with hydrogen [ 6 ] . With direct pressure loading, an HCP hydride can be formed, which is metastable at room temperature [ll] as is predicted by our calculation. The calculated isotherms. figure 7, are in good agreement at low concentration, x , with somewhat less agreement at large x .
Iron
Iron with a phase transition from the BCC LY phase to the HCP y phase at 1183 K, forms. at pressures above 35 kbar, a hydride with an HCP lattice. At low pressures the relation 
Cobalt
Cobalt has an HCP -+ FCCphase transition at approximately 450 "@and ambient pressure. The thermodynamical parameters at infinite dilution and low pressure are only given for the high-temperature FCC phase. At high pressure, above 70 kbar, a FCC hydride is formed [ll] . Our simple model cannot follow the peculiarities of the Co-H system in detail. From the experimental data [113 we cannot extract a critical temperature value, but as there is a broad plateau at 250 "C, we estimate T, = 650 I(. In figure 9 we give calculated isotherms which should be primarily valid for the FCC phase, but with less accuracy also for the HCP phase. There is reasonably good agreement with experiment.
Due to the large partial molar volume of hydrogen in CO (vtI =7 3 cm3 mol-'), cobalt hydride becomes possibly unstable at very high pressures ( P > 300 kbar), leading to a second two-phase region and plateau formation in the isotherms. This prediction has to be taken with great care, as at very high pressure the PV, term strongly determines the exact form of the isotherms, and vfI has been extrapolated from low-pressure data. A second plateau region, however, is thermodynamically allowed and can occur with a suitable set of parameters.
Nickel
Nickel is probably the best studied high-pressure hydride. Within the context of highpressure synthesis of metal hydrides it can be considered as a model system: easily accessible by high-pressure techniques [ 11, 56, 60, 61] , no phase transition during hydride formation (both phases FCC), and reliable absorption data at low pressure [8] . Nickel hydride can be produced chemically or electrolytically, and is slow to decompose at room temperature. There is some experimental evidence that Ni forms hydrides with x = 1.25 [ l l ] . Probably hydrogen then occupies tetrahedral sites. Our calculation, however, only takes into account the octahedral sites. Our calculated isotherms, shown in figure 10, are therefore restricted to x G 1. There is good agreement between the calculation and experiment at all pressures.
Molybdenum
Molybdenum undergoes a BCC 4 HCP phase transition during hydride formation. At high pressure ( P = 70 kbar) it forms a stoichiometric hydride with vH = 1.3 cm3/mol H [54] . It cannot be produced electrolytically, and the hydride decomposes rapidly at room temperature. Thex -VPrelationisfulfilledup to 100 bar [58] . Our calculatedisotherms are given in figure 11. They show systematically too high a pressure at high concentration.
Ruthenium, iridium and platinum
Ponyatovskii and co-workers [11, 621 measured the electrical resistance of these metals in hydrogen and in an inert pressure medium up to 90 kbar. With Pt and Ir there was no (Ru), figure 13 (Ir) and figure 14 (Pt). The calculations for Ru and Ir are in reasonable agreement with the experimental points at 90 kbar. For Pt the calculations predict hydride formation below 90 kbar in disagreement with experiment. This might be due to the lack of accurate experimental data at low pressure [50, 51] .
Rhodium
Rhodium hydride, with a FCC structure, has been synthesized by high-pressure loading [111 above 45 kbar. Figure 15 shows the result of our calculation, which is in good agreement with experiment. ., low-pressure data.
4.9.
Tungsten, copper, silver and gold Tungsten does not noticeably absorb hydrogen at pressures of 90 kbar and T S 400 "C [ l l ] . The x -d P relation is valid up to 100 bar [58] .
Copper hydride can be synthesized chemically. It is fairly stable in water at low temperature. The formation of AgH and AuH by any means has not been reported yet. For Cu, Ag and Au there are no data of successful hydrogen loading at high pressures. An estimate for the absorption behaviour at high pressures can indirectly be made from extrapolating the behaviour of PdCu, Pd-Ag or Pd-Au alloys, which are studied extensively because of relatively high-T, superconductivity [4, 111. In a local cluster approach for the local heat of formation of interstitial sites for hydrogen (see [13, 19, 221 for more details), one finds seven different surroundings Pd,-,,Ag,, for an interstitial hydrogen atom in an octahedral site, depending on the nature of the six nearestneighbour metal atoms. One can show that the high pressure data currently available ( P s 90 kbar [ 111) lead to a significant occupation with hydrogen only for clusters, which have at least two Pd atoms (i.e. n S 4). We therefore expect for hydride formation in Cu, Ag or Au a hydrogen pressure substantially higher than 90 kbar.
As there are no experimental data of hydrides at high pressures for these four metals, we assume a standard value v, = 1.7 cm3/mol H; for W we also assume T, = 600 K.
The resulting isotherms for W are given in figure 16 . In the case of the noble metals an estimate for the parameter a (see equation ( 5 ) ) can be made. In [13] Hemmes and coworkers give an expression for the x-dependence of the heat of formation; they find an elastic and an electronic contribution. The electronic contribution is related to N(EF), the electronic density of states at the Fermi energy. Using this expression and values for N ( E F ) from Moruzzi and co-workers [63] , one finds for a, 45, 81 and 50 kJ/mol H for Cu, Ag and Au respectively. The calculated isotherms are given in figure 17 (Cu), figure  18 (Ag) and figure 19 (Au). 
Discussion
In the foregoing we determined the thermodynamical parameters AH: and OE for the hydrogen absorption of 14 late transition and noble metals from experimental data in the region of essentially infinite dilution. From a comparison of the experimental lowpressure data with calculated isobars in figures 2 to 5 it can be seen that the thermodynamical model described in section 2 is able to reproduce the experimental data within the experimental scatter. For some metals, McLellan and co-workers analysed the experimental data in terms of a mean A@=( T ) and AsExx( T ) for the temperature range of the experiments. Our analysis yields practically the same values-see table 2 .
In section 4 we have presented pressure-composition isotherms for pressures up to 1 Mbar for the same group of metals. It is interesting to note that nearly all metals show crossing of isotherms, i.e. the endothermic hydride formation at low pressures becomes exothermic at high pressures. The isotherms are most reliable at concentrations x s 0.01. In that case, we expect the accuracy to be as good as that of the experimental low-pressure absorption data. At larger concentrations the deviations can be more serious due to possible phase transitions and uncertainties in the hydride parameters vH and h ( x ) , which in our simple model is determined by T,. The uncertainty of the exact plateau pressure in hydrogen absorption and desorption experiments is inherent to the metastable character of hydride formation with large hysteresis in pressure. In our model the maximum hysteresis is determined by the interaction parameter a or, with equation (3, by T,. As the chemical potential of molecular hydrogen is growing less than linearly with pressure, the maximum hysteresis will grow with pressure, as can be seen in experiment and in our calculation. In the graphical representation of our calculation we emphasise the greater accuracy at low concentration and pressure by choosing a plot of log Pversus logx. The estimated error then is probably of constant magnitude over the entire logarithmic range of pressure and concentration.
Although the model used here is highly simplified and the parameters entering the model have only been determined from low-pressure data, the agreement between calculated and experimental data is relatively good, except with CrH. The calculated isotherms may thus be used for estimates for hydride formation under extreme conditions. For some metals there is a need for experimental verification of hydride formation. Synthesis of most of the metal hydrides should be possible within the pressure range of the diamond anvil cell. Especially plateaux should easily be detected up to the Mbar range. The work presented here also needs an extension to the hydride formation of alloys. In the case of the Pd-noble metal alloys a cluster approach [13, 19, 221 has been shown to give pressure-composition isotherms which are in good agreement with experiment.
